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738(1). The left superior pulmonary vein (LSPV) was
visualized by using the zoom modality toward the
left atrial appendage followed by a counterclockwise
rotation. From that position, a gentle angulation of
the 3-dimensional image permitted visualization of
left inferior pulmonary vein (LIPV). When the septum
was in an “en face” perspective, a left-to-right 90
rotation disclosed the right PVs.
Visualization of the PVs by RT3DTEE was catego-
rized as “optimal” if the whole ostium was visualized,
“partial” if the ostial circumference could be partially
seen, or “none” if the PV ostium could not be iden-
tiﬁed or a good and stable visualization was not
possible.
To assess the position of the ablation catheter tip,
each ostium was divided into 4 quadrants (Fig. 1A).
Each position visualized on echocardiography was
assigned to a quadrant, and the same position was
assigned by 2 blinded electrophysiologists (M.A. and
F.R.) using EAMS (Figs. 1B and 1C).
The proportion of optimal, partial, and absent
visualization, as well as the true positive rate for
catheter location by RT3DTEE compared with EAMS,
was analyzed using logistic regression.
No periprocedural or post-procedural complication
was reported through 6 months of follow-up. In 4
patients, visualization of all PVs was possible, and 3
of 4 PVs were visualized in 11 patients. In 2 patients,
no PV could be visualized. The visualization was
optimal in 0.63 (95% conﬁdence interval [CI]: 0.52 to
0.73) of the LSPV cases and in 0.77 (95% CI: 0.67 to
0.85) of the right superior pulmonary vein (RSPV)
cases. One-half of the right inferior pulmonary vein
(RIPV) (95% CI: 0.39 to 0.60) and 0.47 of the LIPV
(95% CI: 0.35 to 0.59) cases could not be seen. No
chest deformity distorting the heart was present in
any case. The overall true positive rate for localiza-
tion of the ablation catheter tip per vein was low: 0.38
(95% CI: 0.31 to 0.46). The result was highly depen-
dent on the vein (logistic model p < 0.001); RSPV
showed a signiﬁcantly better agreement than RIPV
and LIPV (p < 0.008) (Fig. 1D).
Our results suggest that RT3DTEE has limited
value in identifying PV ostia and catheter location
during PVI. These results are contradictory to those
of Ottaviano et al. (2), who performed the same
echocardiographic technique using the cryoballoon
for PVI. Our negative results may be due to a number
of reasons. First, the natural left rotation of the heart
in the chest may give a sharper angle between the
transesophageal echocardiography probe and the
LSPV ostium compared to the RSPV (Fig. 1E).
LIPV and RIPV are less likely to be visualized due to
their relative posterior position, the sharper take-offfrom the atrium, and the smaller size of the ostia
compared with the superior veins. The supine position
of the patient could produce an anteroposterior pres-
sure of the atrium. In addition, having a rigid endo-
tracheal tubemay attenuate the freemovements of the
probe inside of the esophagus.
The metallic tip of the ablation catheter may
generate signiﬁcant acoustic artefacts (Fig. 1F) that,
when added to the previously mentioned handicaps,
could explain the poor accuracy in the localization of
the ablation catheter tip in comparison with EAMS.
Further studies are needed to evaluate whether the
use of RT3DTEE may have value in guiding PVI.Marta Acena, MD
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and Plaque RuptureIdentiﬁcation of vulnerable plaque pre-rupture is
extremely important for patient risk stratiﬁcation.
The mechanism of plaque rupture is still not entirely
clear, but it is thought to be a process involving
multiple factors. From a biomechanical viewpoint,
plaque rupture is usually seen as a structural failure
when the plaque cannot resist the hemodynamic
FIGURE 1 The Process of Rupture Risk Evaluation
(A) The schematic ﬂowchart of the plaque rupture simulation. (B) Finite element (FEM) modeling process for 1 case: image segmentation,
physical model, ﬁnite element model (detail location), and the calculated Von Mises stress distribution, respectively. (C) Rupture risk indexes
(RRIs) for 1 symptomatic patient and 1 asymptomatic patient. Rupture paths (blue) for different crack initializations were plotted together on
the cross section, with RRI labeled on it, whereas the acute RRI and overall RRI are highlighted in red and pink, respectively.
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739blood pressure and shear stress exerted on it. How-
ever, the cardiovascular system is naturally a cyclical
hemodynamic environment, and myocardial infarc-
tion can be a symptomatically quiescent but poten-
tially progressive process when plaque ruptures at
stresses much lower than its strength. Therefore,
fatigue accumulation is a possible mechanism for
plaque rupture. In this study, a crack growth model
was developed, and the previously-mentioned
hypothesis was tested by conducting a comparative
study between 18 symptomatic and 16 asymptomatic
patients with carotid stenosis.
All symptomatic patients had recently experienced
either a retinal or cortical transient ischemic attack
and received imaging within 6 months of the event.
Asymptomatic patients had not experienced any
symptoms within 6 months prior to imaging. Multi-
contrast magnetic resonance imaging (MRI) studies
were conducted on a 1.5-T whole-body system
(SignalHDx, GE Diagnostic Imaging, Cambridge,
United Kingdom). The MRI protocol has been pub-
lished previously (1). Plaque cross sections were
reconstructed from high-resolution MRI. Segmenta-
tion of the individual plaque components was on thebasis of analysis of all magnetic resonance sequences
according to signal intensity and morphological
criteria, as described in previous studies (2).
Here plaque rupture was seen as the result of crack
growth driven by the periodical pressure. Stress in-
tensity factor K (3) was used to drive the crack growth.
Figure 1A gives a schematic ﬂowchart of the numerical
simulation of the rupture process. For ruptured
plaques, the total number of heartbeats (Nr) together
with crack growth path and rupture locations was
outputted. Then plaque life could be estimated as:
Plaque life ¼ Nr
heart rate
After all cases were done, a rupture risk index
could be deﬁned by normalizing the plaque life over a
baseline life. The rupture risk index (RRI) for a given
crack initial location was deﬁned as:
RRI ¼ baseline life
plaque life
For each patient, the overall rupture risk index
(ORRI) was deﬁned as the maximum of RRI among all
cracks initializations, that is:
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¼ baseline life
shortest plaque life among all crack initializations
and the acute rupture risk index (ARRI) was deﬁned
as maximum of the rupture risk index among all
cracks ruptured at the pool, that is:
ARRI ¼ baseline life
shortest plaque life among all acute ruptures
The Young’s modulus of the arterial wall, the
ﬁbrous cap, and the lipid pool was chosen as 0.3, 0.6,
and 0.02 Mpa, respectively. Poisson’s ratio for all
components was set equally as 0.48. The fatigue pa-
rameters c and m were chosen as 1 and 2.6. Figure 1B
shows the ﬁnite element modeling process for 1 case.
The ARRI values in plaques of symptomatic patients
were signiﬁcantly higher than those of asymptomatic
patients (44.2  62.6 vs. 10.6  17.7, p ¼ 0.003).
No difference was found for the ORRI value (p ¼ 0.61).
It is interesting to ﬁnd an obvious difference of the
ORRI rupture path between the symptomatic and
asymptomatic patients. In the symptomatic group,
78% (14 of 18) of the ORRI rupture path was toward the
lipid pool; in contrast, there were only 12% (2 of 16) for
the asymptomatic group. It seems that the cross-
sectional geometry of an asymptomatic patient may
successfully avoid an acute pool-rupture event.
Figure 1C shows RRI results for 1 symptomatic patient
and 1 asymptomatic patient.
The risk index deﬁned here is a composite factor,
which comprises vessel cross-sectional geometry,
material property, blood pressure, heart rate, and so
on. It is also an overall value on the whole rupture
path, so that local high stress may not signiﬁcantly
affect it. This ﬁnding may indicate that fatigue crack
growth under pulsatile pressure is a mechanism for
atheromatous plaque rupture. Thus, the fatigue
model may be a useful tool to predict and assess
plaque vulnerability, if further validated by large-
scale longitudinal studies.Xuan Pei, MSc
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of Tako-Tsubo CardiomyopathyWe greatly enjoyed reading the paper by Citro
et al. (1), entitled “Echocardiographic Correlates of
Acute Heart Failure, Cardiogenic Shock, and In-
Hospital Mortality in Tako-Tsubo Cardiomyopathy,”
which was recently published in iJACC. The investi-
gators (1) sought to determine the clinical and echo-
cardiographic correlates of acute heart failure,
cardiogenic shock, and in-hospital mortality in Tako-
Tsubo cardiomyopathy (TTC) patients. Although we
commend the investigators for their valuable study
and the data that they provided, some comments may
be beneﬁcial.
In the study, the diagnosis of TTCwas on the basis of
Mayo Clinic criteria, and the investigators mentioned
that performing cardiac magnetic resonance (CMR)
was not available in the early evaluation of patients
with acute coronary syndrome or similar conditions.
In patients with myocardial infarction-like clinical
syndromes (e.g., myocarditis, coronary vasospasm,
and TTC), further evaluation should be planned to
detect etiology and manage speciﬁc treatment. When
the etiology remains unclear and needs to be deter-
mined precisely, CMR appears to be a useful imaging
modality for establishing the diagnosis and differen-
tiating it from the etiology of cardiac wall motion ab-
normalities (2). Infarct-like clinical syndromes are
characteristic in late gadolinium enhancement (LGE)
patterns (2,3). No or minimal LGE on CMR imaging
is characteristic in TTC, and mid-myocardial LGE is
characteristic in myocarditis, whereas subendocardial
LGE is characteristic in myocardial infarction (2,3).
Establishing the exact etiology of cardiac wall motion
abnormalities will help in management, thereby
avoiding harmful medications and interventions.
The investigators also mentioned that in patients
with left ventricular (LV) outﬂow tract obstruction
(LVOTO) and markedly impaired LV systolic function,
beta-blockade and intra-aortic balloon counter-
pulsation should be the preferred treatment options,
